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AMENDED CLAIMS 

1 . (previously presented) A method of improving the efficiency of synchronizing a clock 
signal for an integrated circuit, comprising: 

providing a clock input signal (CIN), an inverted clock input signal (CIN 5 ), and a clock 
delay signal (CDLY); 

detecting a plurality of phases of CIN and CDLY based on timing conditions associated 
with CIN and CDLY; and 

selectively inputting CIN or CIN' into a synchronous mirror delay (SMD) based on the 
phase of CIN and CDLY to reduce a number of delay stages in the SMD. 

2. (currently amended) The method of claim 1 wherein the timing conditions include a 
period of CIN (tck) and a period from a rising edge in CIN to a rising edge in CDLY (t^ and 
wh e r e in selectively inputting includes inputting CIN into the SMD when t mt n > W2 and 
inputting CIN' into the SMD when t mt u < W2 to reduce the number of delay stages in the SMD. 

3. (original) The method of claim 2 wherein the number of delay stages in the SMD is 
reduced substantially in half. 

4. (currently amended) The method of claim 2 wherein the SMD has a plurality of delay 
lmes a and whe*eia the number of delay stages in at least one of the SMD delay lines is reduced 
substantially to 59 from 128. 
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5. (previously presented) A method of improving the efficiency of synchronizing a 
clock signal for an integrated circuit, comprising: 

providing a clock input signal (CIN)* a* inverted clock input signal (CIN'), and a 
clock delay signal (CDLY), each signal having timing characteristics; 

interposing a phase detector and selection system between an external clock 
signal and a synchronous mirror delay (SMD); 

determining which of a number of phases the signals are based on the timing 
characteristics; and 

selectively directing the signals based upon the phase of the signals. 

6. (previously presented) The method of claim 5 wherein selectively directing includes 
selectively directing CIN or CIN' to the SMD based upon the timing characteristics of CIN and 
CDLY. 

7. (previously presented) The method of claim 5 wherein selectively directing includes 
bypassing CIN or CIN 5 from the SMD based upon the timing characteristics of CIN and CDLY. 
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8. (previously presented) The method of claim 5 further including defining the timing 
characteristics as a period of C1N as U and defining a period from a rising edge in CIN to a 
rising edge in CDLY as W and wherein determining includes determining that the phases 
include: 

a first phase when tmdi > W2; 
a second phase when t mt ii < tck/2; 
a third phase when t m di = tck; and 
a fourth phase when tmdi — W2. 

9. (previously presented) A method of synchronizing a clock signal for an integrated 
circuit, comprising: 

providing an interna] dock signal (CIN), an inverted internal clock signal (CIN'), 
and a clock delay signal (CDLY) having timing characteristics; 

differentiating, with a phase detector, a plurality of phases based upon the timing 
characteristics of CIN and CDLY; and 

selecting, based on the phases, one of CIN and CIN 5 to be input, into a 
synchronous mirror delay (SMD) thereby reducing a number of delay stages in the SMD. 
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10. (currently amended) A method of synchronizing a clock signal for an integrated 
circuit, comprising: 

providing an internal clock signal (CIN), an inverted internal clock signal (ON'), 
and a clock delay signal (CDLY) having timing characteristics; 

determining a plurality of phases based upon the timing characteristics of CIN and 

CDLY; gn£ 

for at least one phase, directing ON' into a synchronous mirror delay (SMD) such 
that a reduced number of delay stages are achieved. 

1 1 . (currently amended) The method of claim 1 0 wherein the timing characteristics 
define a period of CIN as and also define from a rising edge in ON to a rising edge in CDLY 
as i mdh and wherein directing occurs when t m di < W2. 
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12. (currently amended) A method of synchronizing a clock signal for an integrated 
circuit, comprising: 

a) providing an internal clock signal (CIN), an inverted internal clock signal (CIN'), and 
a clock delay signal (CDLY) having timing characteristics; 

b) determining a plurality of phases based upon the liming characteristics of CIN and 

CDLY; 

c) for at least one phase, directing CIN' into a synchronous mirror delay (SMD) such that 
a reduced number of delay stages are achieved; 

wherein the liming characteristics define a period of CIN as t C k and also define from a 
rising edge in CIN to a rising edge in CDLY as t m du and wherein directing occurs when t^i < 

W2; 

d) multiplexing an input with an input selection multiplexor to select whether to direct the 
CIN or CIN* into the SMD S based on the phase determined in the determining step; and 

e) multiplexing, with an output selection multiplexor, an output of the input selection 
multiplexor with a SMD output, the output selection multiplexor selecting whether to output, 
based on the phase determined in the determining step, the SMD output or CIN bypassing the 
SMD, as an input to a clock tree to generate an internal clock signal. 
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13. (currently amended) A memory device, comprising: 

a synchronous mirror delay (SMD); and 

a phase detector in electronic communication with the SMD , the phase; dotcctor 
and comprising! 

means for receiving a clock input signal (CIN) and a clock delay signal 
(CDLY), the CENT and CDLY each having timing characteristics^ ,, the phase detector 
gnd 

means for o utputtine a pair of branches each having a logical level, whoroin 
the logical levels of the branches defiee defining a plurality of conditions of CIN and 
CDLY based on the timing characteristics of CDM and CDLY: sad 

wherein for at least one of the plurality of conditions, the memory device 
comprises means for reducing a number of delay stages is r e duc e d for a selected signal to pass 
through the memory devic e SMD based on one of t he plurality of conditions. 

14. (currently amended) The memory device of claim 13 wherein the timing 
characteristics include a period of CIN defined as t cfc and a rising edge from CIN to a rising edge 
in CDLY is defined as t m ^; and 

wherein a first phase is when t m di > W2; 
wh e r e in a second phase is when t^i < W2; 
whoroin a third phase is when l m di = tck; and 
wher e in a fourth phase is when Wn = W2. 
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15. (previously presented) Thememory device of claim 14 wherein when t md i< teethe 
number of delay stages in the SMD is comparable to when t in di > W2- 

16. (previously presented) The memory device of claim 14 wherein the number of delay 
stages when t md | < W2 is reduced by substantially one-half. 

1 7. (previously presented) The memory device of claim 14 wherein the number of delay 
stages when t mt n < W2 is reduced firom 1 28 to substantially 59. 
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18. (currently amended) A synchronous mirror delay system, comprising" 
a synchronous mirror delay (SMD); and 

a phase detector associat e d in electronic comm unication with the SMD, tho phase 
d e tected and comprising: 

means for receiving a clock input signal (CIN) and a clock delay signal (CDL Y), 
the CIN and the CDLY each having timing characteristics; = jn<i j4ho phase dctccto* 
means for outputting a pair of branches each having a logical level, wh e r e in 
the logical levels of the branches d efine defining a plurality of conditions based on the 
timing characteristics of CIN and CDL Y- „ and 

wherein for at least one of the plurality of conditions, the svstern comprises 
means for reducing a number of delay stages is reduc e d for a selected signa] to pass 
throu gh the syst e m SMD based on one of the plurality of conditions. ; wherein the 
timing characteristics define a period of CIN as ick and also define a period from a 
rising edge in CIN to a rising edge in CDLY as tmdi, and wher e in the plurality of 
conditions include: 

a first phase when t^i > W2; 
a second phase when t m ai < W2; 
a third phase when tmdi = t ck ; and 
a fourth phase when t md i - W2; 
means for reducing wher e in the number of delay stages in the second phase is 

r e duc e d ; and 

means for CIN to bypass the SMD wherein in the third and fourth phasesrGB4 
bypass e s the SMB . 
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19. (currently amended) A synchronizing circuit for use with an integrated circuit, 
comprising: 

an input buffer comprisin g means for receiving fee an external clock signal to 
produce a clock input signal (CIN), an inverted clock input signal (ON'), and a clock delay 
signal (CDLY), each having timing characteristics; 

a synchronous mirror delay (SMD) having a measurement delay line input for 
connection to a measurement delay line, a measurement delay line output connected to a variable 
delay line input for connection to a variable delay line, the variable delay line including a 
variable delay line output; and 

a phase detector disposed between the input buffer and the SMD, the phase 
detector having a first input means for receiving the CIN, a second input means for receiving the 
CDLY, tho phase detector means for generating one of a plurality of output signal combinations, 
each combination corresponding to a phase of the CTN and CDLY signals based on the timing 
characteristics, means for connecting a CDLY SMD input connootcd to the measurement delay 
line input, and m eans foT connecting a SMD output connected to the variable delay line output, 
and a circuit selectively inputting C1N or CIN* as a CIN SMD input based on the phase of the 
signals, m& wherein for at least one of the phases, a number of delay stages is reduced for the 
externaLclock signal a selected signal to pass through the circuit SMD . 

20. (currently amended) The circuit of claim 19 wherein the timing characteristics 
deifine a period of CIN as Uk and also define a period from a rising edge in CIN to a rising edge 
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in CDLY as Wn, and wh o r oi n when X m a < W2, CIN' is input into the SMD and when > W2 
CIN is input into the SMD. 

21. (previously presented) The circuit of claim 20 wherein the number of delay stages in 
the SMD when tmdi < t cfc; /2 is reduced. 

22. (previously presented) The circuit of claim 20 wherein the number of delay stages in 
the SMD when w < t ck /2 is reduced from 128 to substantially 59. 

23-25. (canceled) 

26, (currently amended) A phas e detection and selection system, comprising: 

a phase detector comt>risinQ means for receiving a clock input signal (CIN) and a 
clock delay signal (CDLY), each signal having timing conditions, and means for generating a 
plurality of output signal combinations, each combination based upon the timing conditions; and 
logic associated in electronic communication with the phase detector to select one 
of the output signal combinations corresponding to the timing conditions of the signals; 

wherein a phase detection and - selection circuit the system selectively feeds CIN 
or an inverted clock input signal (CIN*) into a synchronous mirror delay ("SMD"^ based upon 
the plurality of output signal combinations and wh e r e in tn reduce a number of delay stages 4$ 
reduc e d for a selected signal to pass through the system SMD. 
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27. Xcunenfly amended) The system of claim 26 wherein the timing characteristics 
include a period of CIN defined as U and a rising edge from CIN to a rising edge in CDL Y is 
defined as tmdi; and wher ein the phases include: 

a first phase when tnuii > W2; 
a second phase when t m &\ < W2; 
a third phase when t m <ji = tck; and 
a fourth phase when t m( ji = W2. 

28. (previously presented) The system of claim 27 wherein the number of delay stages is 
reduced. 

29. (previously presented) The system of claim 27 wherein the number of delay stages is 
reduced substantially by one-half 

30. (previously presented) The system of claim 27 wherein the number of delay stages 
in the SMD when tmdi < W2 is reduced from 128 to substantially 59. 

31-33. (canceled) 
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34. (currently amended) A system, comprising: 
a processor; 
a memory controller; 
a plurality of memory devices; 

a first bus interconnecting the processor and *he memory controller; 

a second bus interconnecting the memory controller and the plurality of memory 

devices; 

each of the memory devices having: 
a synchronous mirror delay (SMD); 

a phase detector comprising means for receiving a clock input signal (CIN) and a 
clock delay signal (CDL Y), each signal having timing conditions^-and including a period of CIN 

and a period from a risin g edge in CIN to a rising edge ™ PT»T Y ft m11 V and pncans foT 
generating a plurality of output signal combinations, each combination corresponding to phases 
of the signals based upon the timing conditions; and 

logic- associated in electronic communication with the phase detector to select one 
of the output signal combinations corresponding to the timing conditions of the signals to input 
CIN into the SMD when t M > t flr 79. and input TIN' into the SMD when t^ f < UJ2 to reduce a 
number of delay stages in the SMD signals: 

wherein the timing conditions includ e a period of CIN (Uk) and a period from a 
rising edg e in CIN to a riaing edge in CDLY (w fr and wherein inputting CIN into the SMD 
vAen^H^tc ^ and inputting CIN' into the SMD when W ^ W2 reducer , a number of delay 
stages in th e SMD . 
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35-81. (canceled) 



t 



927179.1 



15 



PAGE 15/20 ' RCVD AT 4/12/2004 12:40:28 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/7 * DNIS:8729306 * CSID:414 224 5834 * DURATION (mm-ss):0446 



